This study identified the glycemic index (GI) of two different commercially available varieties of potatoes, Lady Rosetta (LR) and Spunta (S), cultivated under organic fertilization conditions and fried in extra virgin olive oil. Eight healthy males 26 ± 1.5 years of age, 84.7 ± 3.2 Kg body mass and 19.2 ± 1.5% of body fat participated (mean ± SE). Volunteers consumed in a random order 50 g of anhydrous glucose in 300 ml of water (G), or 50 g of available carbohydrate of sliced and fried LR or S twice. Blood glucose was measured enzymatically from capillary blood samples before food consumption and at 15, 30, 45, 60, 90 and 120 min postprandially. Each meal was prepared and consumed in the morning after a 12-hour overnight fast, whereas diet and physical activity were controlled. For the calculation of GI the mean blood glucose values of the two trials (i.e. 1 st and 2 nd time) in each potato variety (i.e. LR or S) were considered. The incremental area under the blood glucose-time curve (IAUC) was used according to trapezoidal rule for the determination of GI. The IAUC was 5504 ± 1173 mg.min/dl and 4012 ± 911 mg.min/dl whereas the GI was 114 ± 15 and 83 ± 12 in LR and S respectively. However, these differences were not significant (IAUC: p= 0.21 and GI: p=0.20). Fried potato slices in extra virgin olive oil derived from LR and S potato varieties cultivated under organic fertilization conditions possess similar GI in healthy male volunteers.
InTrODUCTIOn
The importance of the glycemic index (GI) in diet and health in general has been questioned by some scientists 1, 2 . However, the consumption of foods with low GI as well as a low glycemic load in the daily diet is epidemiologically linked to positive health effects such as better control of blood glucose, blood lipid and the body weight and reducing the risk of diabetes and heart disease [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . For these reasons, the World Health Organization as well as other scientific bodies recommend the bulk of dietary carbohydrates to come from foods with low GI [14] [15] [16] .
Potato consumption in the daily diet both in Greece and around the world is very high and this fact justifies the widespread cultivation of many potato varieties. In Greece potatoes are grown throughout the country (Viotia, Evia, Achaia, Ilia, Messinia, Crete, Evros, Drama, Arcadia) in an area of up to 500,000 hectares and annual production of more than 1,000,000 tons.
In many investigations researchers have studied the GI of various potato varieties such as Asterix, Burbank Russet, California White, Charlotte, Desiree, Ontario White, Pontiac, Prince Edward Island, Sebago etc. But the way of cooking was usually boiling, baking in the oven or in microwave, boiling and melting (mashed potato), pre-cooked (boiled or baked) and recooked, or even manufacture of ready mashed (instant potato) [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The determination of the GI of different potato varieties has also been carried out by in vitro analysis 22, 30 . The most popular way of potato consumption (French Fries) in olive oil is not well studied, while GI of tubers shaped as French Fries has been determined by heating in an oven or microwave 25, 27, 29 . Even the GI of widely-used potato varieties marketed in Greece and Europe as the Lady Rosseta and Spunta has not been studied.
The GI of a food depends on many factors such as the type of starch, cooking method, the degree of processing the food has undergone, the amount of fiber and the viscous degree thereof, the acid content, the levels of sugar, fat and protein 14 , or even if the food is served cooked from fresh or recooked after refrigerated storage 27, 31 .
The structure of the starch in a food may be comprised of long-chain glucose (amylose) and branched chain glucose (amylopectin). Because of the amylopectin structure is readily accessible to the appropriate enzymes for hydrolysis, the proportion of amylose to amylopectin in a food affects the GI 32 . Since it has been observed that the variety of potato also affects the GI 27 , it would be interesting to study the GI of different potato varieties with different amylose / amylopectin ratio. Finally, the ever increasing demand and offer biologically cultivated food is an additional reason to study the GI biologically cultivated potato varieties.
Therefore, the aim of this investigation was to study and determine the GI of two different commercially available varieties of potatoes, Lady Rosetta (LR) and Spunta (S), cultivated under organic fertilization conditions and fried in extra virgin olive oil.
MeThODs experimental Design
Eight healthy males 26 ± 1.5 years of age, 84.7 ± 3.2 Kg body mass and 19.2 ± 1.5% of body fat participated (mean ± SE). Volunteers consumed in a random order 50 g of anhydrous glucose (D-Glucose monohydrate) in 300 ml of water (G), or 50 g of available carbohydrate of sliced and fried LR or S twice. Blood glucose was measured enzymatically from capillary blood samples before ingestion and at 15, 30, 45, 60, 90 and 120 min postprandially. Each meal was prepared and consumed in the morning after a 12-hour overnight fast, whereas diet and physical activity were controlled. For the calculation of GI the mean blood glucose values of the two trials (i.e. 1st and 2nd time) in each condition (i.e. LR or S) were considered. The incremental area under the blood glucose-time curve (IAUC) was used according to trapezoidal rule for the determination of GI 7, 15, 20, 33, 34 according to the following mathematical formula:
Where GI = glycaemic index, Potato test IAUC = IAUC of LR or S, Glucose control IAUC = IAUC of glucose.
Preliminary Measurements, Physical activity and Diet Control
Body mass measurements were taken with an appropriate scale (Seca 711, UK). The percentage of body fat was estimated by the method of densitometry and skinfolds using a skinfold caliper Harpenden Skinfold Caliper, Baty International, West Sussex, England) and equations of Durnin & Womersley 35 .
Volunteers were required to avoid any physical activity two days before each trial. Also, they were asked to record their food intake the day before the first trial and to replicate this in the next tials.
experimental Procedures
Volunteers arrived at the laboratory at 8:00 hrs and after relaxing for 10 min in a sited position placed their hand in warm water for 5 min in order to increase the blood flow to the fingers from which samples of arterialized capillary blood were taken. This procedure is suggested as more accurate for the determination of blood glucose compared to blood samples taken from an anticubital vein 36, 37 . After the 5-min warm-up of the hand volunteers dried their hand and a dublicate 25 ml of capillary blood sample was collected in calibrated glass micropipets (Micropipets Ringcaps Duran 25 ml, Fisher Scientific, Germany) using a one-use sterile fine needle (Microlet, Bayer Germany). The content of each 25 ml sample was immediately placed in 1.5 ml tubes containing 250 ml of 2.5 % perchloric acid to deproteinize the blood. After that tubes were centrifuged (Eppendorf, Model 5414, USA) for 5 min at 1500 g and stored at -35 o C for the determination of blood glucose. This procedure was identically followed for all blood samples taken.
Following the collection of the preprandial blood sample volunteers consumed either 50 g of G in 300 ml of water (G), or 50 g of available carbohydrate in the form of fried LR (LR), or 50 g of available carbohydrate in the form of fried S (S) accompanied with 300 ml of water. Each of the LR and S conditions was conducted twice at different days due to the variety of blood glucose postprandially when food is consumed 15 . Volunteers were instructed to consume the meals within 5 min whereas during the 2-hour postprandial period no water or other form of food was allowed. The postprandial period was initiated immediately after the ingestion of G, LR, or S.
Preparation and frying of potato tubers
Potato tubers were harvested, washed, dried and stored in a refrigerator at 5-8 ° C temperature. Within 7-10 days the tubers were used for preparing fried potatoes. The day on which the participants consumed the LR or S, tubers were washed, had their peel removed and cut into 0.5 cm thick slices. Frying was done with extra virgin olive oil at 180-190 ° C for 15 min. Then the fried potato slices were placed on a paper towel for 3 minutes to remove as much quantity of oil and were served to the participants. The quantity of food for both varieties was 250 g, which value was indicative of starch and sugar measurements at the Laboratory of Food Chemistry TEI Kalamata and identified available carbohydrates in 20 g / 100 g of food.
Blood Glucose analysis
Blood glucose was carried out enzymatically using a reagent of Randox company (GOD-PAP, GL 2623, Randox Lab. Ltd, UK) with the aid of a suitable spectrophotometer (Jenway Spectrophotometer 6300, Jenway, UK). For each blood sampling time point two samples were collected. When analyzing the samples, each sample was analyzed in duplicate so that the final value of each time point (preprandially, 15 min, 30 min, 45 min, etc.) was determined from the average of four blood glucose readings for greater accuracy and reduction of possible errors during blood receiving. It should also be noted that all the samples of the five conditions (ie. 2 x LR, 2 x S, and 1 x G) per participant were simultaneously analyzed on the same day. When the variance of the values in ANOVA showed no sphericity, Epsilon Greenhouse-Geisser correction factor was used for the degrees of freedom. To determine the differences between the averages (post-hoc test) in case of significance in ANOVA the Bonferroni method for multiple comparisons was used.
The comparison of the GI between the two potato varieties (LR vs. S) was performed with the Student's T-test for double distribution (2-tailed) for repeated measures. Data are presented as values of Mean ± Standard Error (SE). The significance level was set at p <0.05.
resUlTs

Blood Glucose
The blood glucose responses in the three conditions are presented in Figure 1 . Blood glucose peaked at 30 min postprandially in G whereas in LR and S at 60 min. Statistical analysis did not show any difference between G (125 ± 5 mg.dl -1 ), LR (130 ± 9 mg.dl -1 ) and S (118 ± 6 mg.dl -1 ) in the main effect level (F 2,14 = 2.44, p=0.12), neither at interaction level (meals x time) (F 3.07, 21.52 = 2.40, p=0.095). However, a time effect was observed (i.e: 15 min vs. 30 min vs. 45 min…etc) (F 1.96, 13.96 = 12.376, p=0.001). In particular and irrespective conditions blood glucose was higher at 30 min (138 ± 8 mg.dl -1 ; p=0.006) and 45 min (157 ± 16 mg.dl -1 ; p=0.02) compared to preprandial values ( 0 min: 90 ± 2 mg.dl -1 ).
IaUC and GI
The IAUC in the 3 conditions is presented in Figure 2 . The IAUC in LR was 19% higher than in G, whereas the IAUC in S was 16% lower than in G. These differences, however, were not significant between conditions (F 2,14 = 1.737, p=0.21).
The GI in the two potato varieties is presented in Figure 3 . Although the GI in LR was about 37% higher than in S this difference was not significant (p= 0.20).
DIsCUssIOn
Both potato varieties possessed GI> 80 that classifies these foods with high (> 70) GI 15, 38, 39 . Many researchers have also reported high GI for different potato and different ways of cooking varieties such as boiling, boiling and melting (mashed), baking in the oven or microwave and manufacture of ready mashed (instant mashed potato) in healthy and diabetic subjects [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] 39 . However, almost the same researchers report lower values of GI (51-70) for boiled potatoes, baked, chips or canned potato products also in healthy and diabetic individuals 20, [26] [27] [28] [29] 33 . The reasons for these differences as presented in the literature may have to do with how the potato tubers are cooked, as well as the potato variety 27 .
In a recent study that investigated the effect of frying on the molecular structure of potato starch it was observed that when potato chips from Spunta and Lady Rosetta varieties fried in soybean oil and overcooked a more noticeable effect on the molecular structure of the starch was produced compared to olive oil and undercooking and this may well affect the GI of the food 40 . Generally speaking, however, potatoes present a higher GI compared to many other foods such as white bread, cereal, rice, pasta, fruits, vegetables and dairy 38, 39 .
Furthermore, despite the fact that the GI for LR (114 ± 15) was about 37% higher than that of S (83 ± 12) this difference was not found statistically significant (p= 0.20). One reason might be the similarity of the available carbohydrates in the two varieties (20 g /100 of food). Another reason might be that the type of starch (amylose/ amylopectin ratio) between LR and S was probably not so different to cause different postprandial glucose increase which in turn would create a difference in the GI of the two potato varieties.
In conclusion, the GI of LR and S potato varieties cultivated under organic fertilization conditions is high (> 80) but do not differ from each other when they are consumed in the form of fried slices in olive oil in healthy males.
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